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0 This invention aims at providing a film forming 
method and a film forming apparatus which are 
capable of varying the density and composition of a 
deposition film in the direction of the thickness 
thereof, and obtaining a film of a stable and high 
quality A film forming apparatus consisting of a 
sealed container having an inlet port for a gas used 
to cause a chemical vapor growth and sputter a 
target material, at least two electrodes provided in 
the container, means for supporting the target ma- 
terial and a substrate on the first and second elec- 


trodes out of these electrodes, and two high-fre- 
quency power sources having different frequencies 
and connected to the first and second electrodes; 
and a film forming method consisting of introducing 
a gas into the container, applying high-frequency 
power of different frequencies to the first and second 
electrodes to generate plasma, and forming a film 
while controlling DC potential of the target material, 
whereby a deposition film containing at least one 
kind of atom out of the atoms constituting the target 
material and at least one kind of atom out of the 
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atoms contituting the gas ment:c*ed above is formed on the s^ostrate 

Fig. 1 
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Tecnncal r^d 

Tne present invention relates to a film, forming 
apcaratus. In greater detail, the present invention 
re'a'es tc a film forming method for simultaneously 
conducting chemical vapor growth and sputtering 
and forming a film, and to a film forming apparatus. 

Background Art 

The coating of thin films on the surfaces of 
par^s or elements, and the provision of predeter- 
mined functions, is often conducted in an extreme- 
ly wide range of fields, such as electric and elec- 
tronic parts, tools, machine parts, and the like. 
Semiconductor devices such as integrated circuits 
and the like are representative thereof; such de- 
vices are produced by repeated film formation and 
minute working, so that film forming apparatuses 
play an extremely important role in the manufactur- 
ing processes thereof. 

Furthermore, m integrated circuits, in concert 
with the miniaturization of the devices, higher per- 
formance and quality are required, and for this 
reason, there has been a strong demand for a film 
forming method which is capable of forming, ac- 
cording to design, the impurity distribution in depo- 
sition films comprising the devices. For example, in 
the case of a bipolar transistor, the high speed 
characteristics of LSI requiring high speed char- 
acteristics, such as high speed operating elements, 
memory, digital/analog converters, and the like, or 
of elements which are extremely widely employed 
as discrete elements, are determined by how fast 
electrons pass through the base layer, so that a 
structure in which the base layer is made thinner 
and the passage distance is reduced, an inclination 
is applied to the impurity concentration in the thin 
base layer and an internal electric field is formed, 
and which is capable of accelerating the electrons 
and exhibits a sharp impurity density change at the 
interface, for example, a density distribution having 
a gradient such as that shown in Fig. 9, is effective 
in increasing element performance. 

Conventional film forming apparatuses can be 
broadly divided into two groups based on the op- 
erating principle of the film forming method. That is 
to say, such apparatuses can be classified into film 
forming apparatuses which employ physical meth- 
ods such as vapor deposition, sputtering, and the 
like, and film forming apparatuses which employ 
chemical reactions of film forming material gases, 
or the so-called chemical vapor deposition (CVD) 
methods. Such apparatuses have superior operabil- 
ity. simplicity of maintenance, high operation rates, 
and the stability of the quality is also superior, so 
that such apparatuses are widely employed; how- 
ever, it is difficult to change the density of the 


deposition film described above or the component 
rate, and furthermore, it is difficult to form sharp 
changes in density 

For example, when the density of the deposi- 
5 tion film or the component ratio is changed by 
means of vapor deposition or sputtering, it is nec- 
essary to change the density or component ratio of 
the vapor deposition materials or the target materi- 
als themselves in correspondence with the density 
io of the deposition film or the component ratio. Fur- 
thermore, when the alumisiiicide used in the wiring 
material of the semiconductor integrated circuit is 
formed by means of sputtering, it is necessary that 
the target have the precisely appropriate combina- 
75 tion of aluminium and silicon. In addition, when 
deposition films having differing component ratios 
are formed, it is necessary to change the target 
each time to one which is appropriate for the 
composition of the deposition film. However, the 
20 density or component ratio in the direction of depth 
of films deposited using standard film forming ap- 
paratuses are as shown in Fig 8(a), and these are 
constant in the direction of depth. 

When attempts are made to control the density 
25 or component ratio in the direction of depth as, for 
example, in Fig. 8(b), by a continuous function in 
the direction of depth (in the Figure, a straight-line 
relationship), such control is extremely difficujt us- 
ing vapor deposition or sputtering methods, so that 
30 as an approximating measure, as shown in Fig. 8- 
(c). it is necessary to divide the depth into a 
number of regions n (in the Figure, n=4), and to 
change the density or component ratio in a 
stepped manner. In order to do this, it is necessary 
35 to prepare a number of appropriate vapor deposi- 
tion materials or targets in advance, as described 
above, and to interchange these at standard film 
thicknesses and thus to conduct film formation; 
however, as the number of divisions increases, the 
40 process becomes cumbersome, and it is thus not a 
practical method. 

Furthermore, attempts have been made using 
the CVD method to form impurity density distribu- 
tions within deposition films by means of continu- 
45 ously changing the ratio of the flow rates of the raw 
material gases during film deposition and forma- 
tion, however, in the case for example in which a p- 
type silicon layer is formed, the B 2 Ht gas is nor- 
mally diluted to within a range of 100 ppm - 2% in 
50 order to maintain the stability thereof, so that in 
order to alter the impurity density in the deposition 
film, it is necessary to greatly alter the ratio of the 
flow rate thereof with that of the SihU gas, and as a 
result (the total flow rate changes) the discharge 
55 state changes, and the quality of the deposition 
film m the direction of layer thickness changes in 
an undesirable manner 
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Add'fc^a y r c^e- to fcr— a nig>~-quality 
jepcs-tion f..~ -g a convent. c-a CVD netted 
t was necessary tc cc^Cuct f-im fcrmat.cn. for 
e<a^: e :-e case r mcn.ccrysta. .ne s-icon. at a 
n. : gr temce^atjre w r.r a range of 900-1 lOO'C. 
a~d \/:r,erT:re. eve" r the case cf pciycrystallme 
si'iccn. the frm was formed at a temperature within 
a range cf 550-600 'C by means of a reduced- 
pressure CVD method, so that a redistribution of 
the impurity atoms occurred as a result of thermal 
discersion, and it is currently the case that the 
des r ed impunty dens.ty distribution cannot be ob- 
tained Furthermore, attempts have been made to 
form the deposition film by means of a PCVD 
method; however, m order to form a high-quality 
film, annealing is necessary at a temperature of 
approximately 700 "C, and this causes a problem 
m that a redistribution of the impurity atoms is 
caused. 

As described above, using conventional film 
forming methods and film forming apparatuses, it is 
currently extremely difficult to accurately control 
the density and composition in the direction of 
depth of the deposition film while maintaining the 
quality of the deposition film. 

In view of the above circumstances, it is an 
object of the present invention to provide a film 
forming method and a film forming apparatus which 
are capable of continuously changing the density 
or composition in the direction of film thickness of 
a deposition film, and which are capable of obtain- 
ing a high quality film in a stable manner. 

Disclosure of the Invention 

The film forming method in accordance with 
the present invention is a fiim forming method in 
which target materials and substrates are disposed 
at first and second electrodes provided within a 
sealed container, a gas which causes chemical 
vapor growth and which sputters the target material 
is introduced into the sealed container, high fre- 
quency power having different frequencies is ap- 
plied to the first and second electrodes, respec- 
tively, and a plasma is generated, and thus a 
deposition film is formed on a substrate; character- 
ized in that by means of conducting film formation 
while controlling the direct current potential of the 
target, a deposition film containing at least one kind 
of atom among the atoms constituting the target 
material and at least one kind of atom among the 
atoms constituting the gas is formed on the sub- 
strate 

In the present method, it is preferable that the 
gas which causes the chemical vapor growth and 
which sputters the target contain a gas which 
causes chemical vapor growth by means of plasma 
excitation and an inert gas, and furthermore, it is 


ces r ac e t^at f; -m 'r^.a: :r ce conducted while 
:-a~5 -g re rat:: z' 're re respe::-*e flew rates 

;r _rme r mcre. it is creferacie that the direct 
;_"e-~t ccte^tiai c 4 tre ta'ge* mater a' be controlled 

5 c, :~arg-ng the frequency of the high frequency 
ccve- A"iCn, is app-ed to the first electrode, and- or 
tnat re direct current potential cf the target ma- 
te- a ce controlled oy the direct current power 
scu r :e which is connected to the target material. 

1Z Furthermore, it is preferable that the substrate 

te^cerature be 400 • C or less. 

Tne film forming apoaratus in accordance with 
re cesent invention comprises a sealed container 
r.avmg an inlet port for a gas used to cause chemi- 

75 cai vaoor growth and sputter a target material, at 
least two electrodes provided within the sealed 
container, a mechanism for supporting the target 
material and a substrate on the first and second 
electrodes among these electrodes, and two high 

20 frequency power sources having different frequen- 
cies and connected to the first and second elec- 
trodes. 

Furthermore, the high frequency power source 
connected to the first electrode is characterized in 
25 that the frequency thereof is variable, and/or is 
characterized in that a direct current power source 
which is capable of controlling the direct current 
potential of the target material is connected to the 
target material. 

30 

Function 

In the present invention, a target is disposed 
on a first electrode, high frequency power is ap- 
35 plied to the first electrode and chemical vapor 
growth introduced into the sealed container is 
caused, a film forming gas which sputters the tar- 
get material is subjected to plasma excitation, and 
chemical vapor growth and sputtering are simulta- 
40 neously conducted, and thereby, a deposition film 
containing a desired density distribution of the 
atoms constituting the film forming gas and the 
target material is formed on the substrate which is 
supported on the second electrode. 
45 By applying high frequency power having dif- 

ferent frequencies to the first and second elec- 
trodes, it is possible to form a high quality mon- 
ocrystalline film or polycrystalline film at low tem- 
peratures, and furthermore, as a result of process* 
50 mg at low temperatures, the thermal dispersion of 
the component atoms in the film is prevented, and 
it is possible to form a film having a desired 
density distribution. 

Additionally, by means of applying a direct 
55 current potential directly to the substrate from a 
direct current power source, and/or by altering the 
frequency of the high frequency power which is 
applied to the first electrode, it is possible to con- 
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troi the energy of the ens impacting the target and 
to alter the sputtering rate Furthermore, by means 
of changing the flow rate of the components which 
cause chemical vaccr growth in the film forming 
gas. it is possible tc control the chemical vapor 
growth rate However, it is preferable that the total 
flew rate of the film forming gas in such a case be 
made constant. As a result, it becomes possible to 
freely change m a continuous manner the density 
of the target components within the deposition film. 

Bnef Description of the Diagrams 

Fig. 1 is a schematic type diagram of the parts 
of the sealed container of the film forming appara- 
tus in accordance with the first embodiment. 

Fig. 2 relates to the first embodiment and 
shows a graph indicating the direct current poten- 
tial applied to the n-type silicon wafer during film 
formation. 

Fig. 3 relates to the first embodiment and 
shows a graph indicating the dopant density in the 
deposition film. 

Fig. 4 relates to the second embodiment and is 
a graph showing the monosilane flow rate during 
deposition. 

Fig. 5 relates to the second embodiment and is 
a graph showing the direct current potential applied 
to the n-type silicon wafer during deposition. 

Fig. 6 relates to the second embodiment and 
shows a graph indicating the dopant density in the 
deposition film. 

Fig. 7 relates to a third embodiment and shows 
a graph indicating the silicon density in the alumin- 
ium of the deposition film. 

Fig. 8 is a graph showing the distribution of the 
impurity density in the deposition film. 

Fig. 9 is a graph showing the impurity density 
distribution in the emitter, the base, and the collec- 
tor. 

(Description of the References) 


101 first high frequency power source 

102 first high frequency matching cir- 
cuit 

103 gas inlet port 

104 vacuum exhaust port 

1 05 upper electrode 

106 target 

107 lower electrode 

108 substrate 

1 09 sealed container 

110 second high frequency matching 
circuit 

1 1 1 second high frequency generating 

apparatus 
112, 113 band pass filters 


114. 117 direct current power sources 

115. 116 low pass filters 

Best Mode for Carrying Out the Invention 

5 

Heremceiow. the present invention will be ex- 
plained in detail using embodiments. 

(Embodiment 1 ) 

70 

Fig. 1 is a cross-sectional view of the appara- 
tus showing a first embodiment of the present 

invention. 

In Fig. 1, reference 109 indicates a sealed 
15 container, the pressure of which can be reduced; 
the materia! thereof is, for example, SUS316L, and 
the inner surfaces thereof are subjected to com- 
posite electrolytic polishing and oxide passivation 
processing, and the container is formed in the 
20 shape of a hollow box, one side of which measures 
300mm. Reference 104 indicates a vacuum ex- 
haust port for placing the sealed container 109 in a 
vacuum state, this is connected with a vacuum 
exhaust apparatus. A turbo-molecular pump is em- 
25 ployed as the vacuum exhaust apparatus. 

Reference 101 indicates a high frequency gen- 
erating apparatus having a frequency of, for exam- 
ple, 200 MHz, and this is connected to the upper 
electrode 105. Reference 102 indicates the high 
30 frequency matching circuit thereof. 

Reference 103 indicates a gas inlet port for film 
forming gas; the material thereof is, for example, 
SUS316L, and the inner surfaces thereof are sub- 
jected to composite electrolytic polishing and oxide 
35 passivation processing, and the diameter thereof is 
1/4 inch. 

Argon gas and monosilane gas are used as the 
film forming gases; these are supplied from gas 
supply sources which are not depicted in the Fig- 
40 ure, pass through the gas supply piping, are mixed 
during this passage, and are introduced into gas 
inlet port 103. 

References 105 and 107 indicate, respectively, 
the upper electrode and lower electrode; the ma- 
45 terial thereof is, for example. SUS316L, and the 
surfaces thereof are subjected to composite elec- 
trolytic polishing and passivation processing, and in 
the present embodiment, electrodes having a diam- 
eter of 6 inches are employed. Reference 106 
50 indicates a target which is supported on the upper 
electrode 105; a n-type silicon wafer having a di- 
ameter of 5 inches is employed. Reference 108 
indicates a substrate which is supported on lower 
electrode 107; a p-type silicon wafer having a di- 
ss ameter of 5 inches is employed. 

Reference 111 indicates a high frequency gen- 
erating apparatus having a frequency of 35 MHz; 
this is connected to lower electrode 107. Reference 
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1:0 ir^cates the ng^ '-eauercy matching circuit 
t^e'ec Re'e-e^re 1 1 3 cares a ca°d oass filter 
cemrns^g a Co.. a^j a cacac:tcr, w.:n respect tc 
:re 'req^e^cy c ; 2CC V-z c* the r g~ frequency 
ccAe- acc^ed tc t*~e .::e- e.ecfzce 105, this 
srct-circuits the ic^e' electrode 13 T in a high 
frequency manner Reference 1 12 mcicates a band 
pass filter comprising a co.i and a capacitor; with 
rescect tc the frequency cf 35 MHz of the high 
t r eauency power appiiec to the tcwer electrode 
10", this short-circuits the upper electrode 105 in a 
h.gr, frequency marner Reference 114 indicates a 
cect current power scu r ce which :s ccnnected to 
*arget 1C6 and whicn is capable of controlling the 
dree* current potential thereof. Reference 117 in- 
dicates a direct current power source which is 
:onnected to substrate 108 and which is capable of 
controlling the direct current potential thereof. Ref- 
erence 115 indicates a low pass filter comprising a 
cor and a capacitor, this serves to ensure that the 
high frequency power applied to target 106 is not 
transmitted to direct current power source 114. 
Furthermore, reference 116 also indicates a low 
pass filter comprising a coil and a capacitor; this 
serves to ensure that the high frequency power 
applied to substrate 108 is not transmitted to direct 
current power source 117. 

Next, an example in which, in a film deposited 
using this film forming apparatus, the dopant den- 
sity in the direction of depth was controlled, will be 
explained. 

First, a p-type silicon wafer 108 is conveyed 
from a sealed container (not depicted in the Figure) 
coupled with the sealed container 109 via a gate 
valve (not depicted in the Figure), and this is set on 
the lower electrode 107. Next, argon gas and mon- 
osiiane gas are introduced into the sealed container 
109 from the gas inlet port 103, a high frequency 
power of 200W having a frequency of 200 MHz is 
applied to the upper electrode 105 by means of the 
high frequency generating apparatus 101, and a 
plasma is generated within the sealed container 
109. At this time, the self-bias generated in the n- 
type silicon 106 supported on the upper electrode 
105 is approximately -10V with respect to the 
ground, and in this state, the irradiation energy of 
the argon ions is low, so that the n-type silicon 106 
is not caused to sputter. 

Furthermore, the p-type silicon wafer 108 is 
heated to, for example, a temperature of 300 * C by 
means of a heater (not depicted in the Figure). In 
order to obtain a high-quality film at such low 
temperatures, it is necessary to activate the sub- 
strate surface by means of the irradiation energy of 
the argon ions, and to cause sufficient migration in 
the film formation atoms which reach the substrate 
surface. At this time, if the irradiation energy of the 
argon ions is excessive, the crystalline nature of 
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t*~e substrate s^ace * Creak ccw\ and a high- 
quai.ty film a be urcctamabie. a^d f urthermore. 
even if this energy s -r sufficient, t wll ce impos- 
s cie to cause su"c-e~t ~ grat : r z* tre film fcrma- 
5 * cn atoms whiC" r eac~ the subst-ate surface, so 
mat it is imposs.ble tc 'crm a h:g n -quahty film. In 
me present embodiment, m order tc obtain a high- 
quality ftim at low temceratures, a high frequency 
power of 20W having a frequency of 35 MHz is 
iz aoolied to the lower electrode 107 oy means of the 
high frequency generating apparatus 111, and a 
seif-bias witn respect tc the ground of +10V is 
acpiied tc the p-tyce s.hcon wa ; e r , so that an 
aoprcpriate ion irradiation energy is obtained. 
75 In the present embodiment, when the mon- 

osilane gas is dissociated by means of a plasma 
and silicon is deposited on the p-type silicon wafer 
108, when the direct current potential of the n-type 
silicon wafer 106 is changed in the manner shown 
20 in Fig. 2 using the direct current power source 114 
which is connected to the n-type silicon wafer 106 
supported on the upcer electrode 105, the n-type 
silicon wafer 106 is caused to sputter by the argon 
ions in the plasma, and film formation by means of 
25 chemical vapor growth and film formation by 
means of sputtering simultaneously occur, so that a 
film containing n-type impurity atoms is formed on 
the p-type silicon wafer 108. 

When the deposition film obtained in this man- 
30 ner was measured by the reflection high energy 
electron diffraction method, it was confirmed from 
the results thereof that this film was monocrystai- 
line, and the results of a measurement of the 
dopant density with respect to the direction of 
35 depth from the surface thereof by means of secon- 
dary ion mass spectroscopy are as shown in Fig. 
3; it was confirmed that the film had a density 
gradient with respect to the direction of depth. 

Here, the reason why it is possible to control 
40 the density distribution of the film deposited in the 
present embodiment in the direction of depth will 
be briefly explained. In general, plasmas have a 
positive potential V p . This is termed the plasma 
potential. If the direct current potential relating to 
45 the n-type silicon wafer 106 supported on the up- 
per electrode 105 is represented by V dc , then the 
argon ions in the plasma collide with the n-type 
silicon wafer 106 with an energy of (V p -V dc ). As this 
energy increases, the number of component atoms 
50 of the n-type silicon wafer 106 which are released 
as a result of the impact increases, and accord- 
ingly, the deposition rate of the n-type silicon de- 
posited on the p-type silicon wafer 108 which is 
supported on the lower electrode 107 increases. In 
55 general, the plasma potential V p changes very little, 
so that it is possible to control the deposition rate 
by means of sputtering by controlling V dc . 
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On the other hand, in the present embodiment, 
\r the chemical vapor growth in which the mcn- 
csilane gas is dissociated by means of the plasma 
and silicon is deposited on the p-type silicon wafer 
1 08. the deposition rate is determined by the flow 
ate of the monosilane gas. 

Additionally, by conducting film formation while 
controlling the deposition rate of the n-type silicon 
cy means of sputtering by controlling the direct 
.urrent potential of the n-type silicon 106 having a 
certain impurity density by means of a direct cur- 
rent power source 1 14 which is connected to the n- 
t/pe silicon 106, it is possible to freely control the 
dopant density of the deposition fiim in the direc- 
tion of depth. 

in the present embodiment, the flow rate of the 
film forming gas was made constant; however, de- 
pending on the qualities of the film which are 
required, it is possible to alter the ratio of the gas 
flow rates in the film forming gas, and to alter the 
ratio of the flow rates of the components which 
cause chemical vapor growth, and thereby to cause 
a certain composition distribution in the deposition 
film. Furthermore, it is of course the case that both 
the direct current potential of the target and the 
flow rates may be altered in combination. 

In the present embodiment, in order to control 
the rate of deposition by means of sputtering, V dc 
was controlled by means of the direct current pow- 
er source 114 which was connected to the n-type 
silicon wafer 106 supported on the upper electrode 
105; however, V dc may also be altered by means of 
the frequency of the high frequency power applied 
to upper electrode 105, so that the deposition rate 
by means of sputtering may also be controlled by 
means of controlling V dc by controlling this fre- 
quency. In particular, in the case in which target 
106 comprises an insulating material, it is impos- 
sible to control V dc by means of direct current 
power source 114, so that control by means of the 
frequency of the high frequency power which is 
applied to the upper electrode 105 is effective. 

Furthermore, in the present embodiment, with 
respect to the gas introduced from gas inlet port 
103, argon gas was employed as an inert gas, and 
monosilane gas was employed as a gas causing 
chemical vapor growth, and after these were 
mixed, the gases were introduced into the con- 
tainer from the inlet port; however, other gases, 
such as He, Ne, Kr, Xe, and the like, may be used 
as the inert gas, and furthermore, hydrides contain- 
ing Si atoms or organic substances containing Si 
atoms such as. for example, Si2H 6 , Si3Hs. and the 
like, may be employed as the gas which causes 
chemical vapor growth. Any gas may be employed 
insofar as it is capable of being excited by a 
plasma and causing film formation by means of 
chemical vapor growth, and is capable of sputtering 


a target. Furthermore, separate inlet ports may be 
provided for eacn gas 

Furthermore, in the present embodiment, film 
formation was conducted using one type of ma- 

5 tenal, for example, an n-type silicon wafer; how- 
ever, where necessary, a material having a different 
composition may be conveyed from a sealed con- 
tainer coupled with the sealed container 109 via a 
gate valve, and film formation may be conducted 

w after exchanging these materials. By means of this, 
it is possible to freely alter the composition range 
within which control is possible in the film which is 
deposited. 

In the present embodiment, in order to obtain a 

15 high-quality fiim at low temperatures, a high fre- 
quency power having a frequency of 35 MHz was 
applied to the lower electrode 107 by the high 
frequency generating apparatus 111, and a self 
bias with respect to the ground of + 10V was 

20 applied to the p-type silicon wafer 108, and thereby 
an appropriate ion irradiation energy was obtained; 
however, other frequencies may be employed so 
long as the appropriate ion irradiation energy is 
obtainable. Furthermore, when the substrate 108 

25 comprises a conductive material, an appropriate 
ion irradiation energy may be obtained using the 
direct current power source 117 which is con- 
nected to the substrate 108, without employing 
high frequency power. 

30 Additionally, in the present embodiment, the 

sealed container 109, the gas inlet port 103, the 
upper electrode 105, and the lower electrode 107 
all comprise, for example, SUS316L, and the inner 
surfaces or surfaces thereof were subjected to 

35 composite electrolytic polishing and oxide passiva- 
tion processing; however, this is done so that the 
inner surfaces of the vacuum container will not be 
subject to damage resulting from sputtering as a 
result of the ions or corrosion even if exposed to 

40 the plasma, and depending on the use, other ma- 
terials or forms may be employed. Examples of 
other materials include, for example, SUS316L or 
aluminium which has been subjected to nickel- 
phosphorus plating and the surfaces of which have 

45 been subjected to fluoride processing. 

A turbo-molecular pump was employed as the 
vacuum exhaust apparatus; however, depending on 
the use, it is of course the case that other types of 
vacuum pumps may be employed. Furthermore, a 

so n-type silicon wafer having a diameter of 5 inches 
was employed as the target 106, while a p-type 
silicon wafer having a diameter of 5 inches was 
employed as the substrate 108; however, depend- 
ing on the use, other materials or shapes may be 

55 employed. 

Additionally, in the present embodiment, the 
frequency of the high frequency power which was 
applied to upper electrode 105 was 200 MHz; 
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^ c a e v e r :f ,t s cess c:e tc a sc centre! tre direct 
c^ r em ccom a acc-ee tc ta r get 1G6 o y means cf 
me direct currem cc^er source 114 connected to 
ta-get 106 c c, rea^s c? the frequency cf tre 
n :m f'ec-e^cy ccwe r applied tc uccer electrode 
1 05 a^ct trus tc centre! the deposition rate by 
means cf sputtering of tne target 106 supported on 
tre upcer electroce 105, ether frequencies may be 
employed. 

In the present embodiment, the film formation 
c : tne deposition film was conducted by means of 
s.m-jltanecusiy subjecting the monosilane gas to 
casma excitation and conducting chemical vapor 
growth, and sputtering the n-type silicon wafer 106 
supported on the upper electrode 105; however, it 
is possible to combine the film forming methods, 
so that, for example, film formation is at first con- 
ducted solely by means of chemical vapor growth, 
and then chemical vapor growth and sputtering are 
simultaneously conducted, or furthermore, film for- 
mation is conducted only by sputtering, or the like. 

Furthermore, in the present embodiment, mon- 
ocrystallme formation was conducted at low tem- 
peratures by means of controlling the direct current 
potential of the substrate and thus obtaining the 
appropriate ion irradiation energy; however, de- 
pending on the use, the deposition film need not 
be monocrystalline. 

Additionally, in the present embodiment, the 
sputtering of the n-type silicon wafer 106 supported 
on the upper electrode 105 and the plasma excita- 
tion of the monosilane gas and the chemical vapor 
growth were simultaneously conducted, and film 
formation was conducted on the p-type silicon wa- 
fer supported on the lower electrode 107; however, 
depending on the use, during film formation, one or 
more further gases may be introduced into the 
sealed container 109, these may be subjected to 
plasma excitation and caused to react with the 
atoms released as a result of the sputtering in the 
plasma, and these may be deposited, and film 
formation by means of chemical vapor growth in 
which the material gas is subjected to plasma 
excitation may be simultaneously conducted, and 
film formation thus conducted. 

(Embodiment 2) 

Next, a second embodiment of the present 
invention will be shown. 

The present embodiment is one in which, in 
the first embodiment, the flow rate of the mon- 
osilane gas introduced into the sealed container 
109 from the gas inlet port 103 is controlled as 
shown in Fig 4, and furthermore, the direct current 
potential of the n-type silicon wafer 106 is con- 
trolled as shown in Fig. 5 by means of the direct 
current power source 114 which is connected to 


me r-t/ce Silicon wa'er 106 succcrted en the up* 
ce- e^e strode 105 ( h ere me tcta! flow rate cf the 
gas is made constant) Tne cxr.er deta:!s of the 
s"-st~ r e a-e identical to these :r the first embodi- 
5 se that a duelicate explanation thereof is 

smrtee: nere At tn,s time, a monocrystalline silicon 
f ~ is Detained m which the decant density with 
respect to the direction of depth has the rectangu- 
!a' form shown in Fig. 6. 

70 

(Embedment 3) 

A third embodiment of the present invention 
a i ce shewn herembelow. 

75 Tne present embodiment is an example in 

wmch, in the first embodiment, aluminium is used 
as the material 106 which is supported on the 
upper electrode 106. Other details of the structure 
are identical to those in the first embodiment, so 

20 that a duplicate explanation thereof will be omitted 
here. When the silicon density present in the alu- 
minium in the deposition film with respect to the 
direction of depth was measured using secondary 
ten mass spectroscopy, it was found that the AISi 

25 film which was obtained had a density distribution 
such as that shown in Fig. 7. 

Industrial Applicability 

30 By means of the present invention, it becomes 

possible to freely alter, in accordance with design, 
the component distribution comprising the deposi- 
tion film, so that it becomes possible to produce 
high-performance elements such as, for example, 

35 high speed bipolar transistors and the like. 

Claims 

1. A film forming method consisting of disposing 
40 a target material and a substrate on first and 

second electrodes provided within a sealed 
container, introducing a gas used to cause 
chemical vapor growth and which sputters said 
target material into said sealed container, ap- 

45 plying high frequency power having different 

frequencies to said first and second electrodes 
and generating a plasma, and forming a depo- 
sition film on said substrate; characterized in 
that by means of conducting film formation 

50 while controlling a direct current potential of 

said target, a deposition film containing at least 
one kind of atom among the atoms constituting 
said target material and at least one kind of 
atom among the atoms constituting said gas is 

55 formed on said substrate. 

2. A film forming method in accordance with 
Claim 1, characterized in that the direct current 
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potential of said target material is controlled by 
changing a frequency of the high frequency 
power applied to said first electrode 

A film forming method m accordance with one 5 
of Claims 1 and 2, characterized in that the 
direct current potential of said target material is 
controlled by a direct current power source 
connected to said target material. 

TO 

A film forming method in accordance with one 
of Claims 1 thrcugh 3, characterized in that the 
gas which causes said chemical vapor growth 
and which sputters said target material con- 
tains a gas which causes chemical vapor rs 
growth by means of plasma excitation and an 
inert gas. 

i. A film forming method in accordance with 

Claim 4, characterized in that the ratio of the 20 
flow rates of said gas causing chemical vapor 
growth and said inert gas is changed. 

>. A film forming method in accordance with one 

of Claims 1 through 5. characterized in that the 25 
temperature of said substrate is 400 ' C or less. 

7. A film forming apparatus consisting of a sealed 
container having an inlet port for a gas used to 
cause chemical vapor growth and sputter a 30 
target material, at least two electrodes pro- 
vided within said sealed container, a means for 
supporting a target material and a substrate on 

the first and second electrodes among said 
electrodes, and two high frequency power 35 
sources having different frequencies and con- 
nected to said first and second electrodes. 

8. A film forming apparatus in accordance with 
Claim 7, characterized in that a high frequency 4c 
power source connected to said first electrode 

has a frequency which is variable. 

9. A film forming apparatus in accordance with 

one of Claims 7 and 8. characterized in that a 45 
direct current power source which is capable 
of controlling the direct current potential of said 
target material is connected to said target ma- 
terial 
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Fig. 1 
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